Introduction: In Brazil, deaths by external causes rank first in the mortality statistics. Nevertheless, studies which investigate the relationship between mortality by external causes and race/skin color are scarce. Objectives: To evaluate the relative contribution of race/skin color to the spatial distribution of mortality by homicide in Salvador, state of Bahia, Brazil, in the period 1998 -2003. Material and Methods: This is a spatial aggregate study including secondary data on 5,250 subjects, using a unit of analysis called the "weighting area" (WA). Annual average death rates by homicide were estimated. The Global and Local Moran Index were used to evaluate the presence of spatial autocorrelation and the Conditional Auto Regressive (CAR) model was employed to evaluate the referred effect, using the R statistical package. Results: Global and Local Moran's I tests were significant. CAR regression showed that the predicted mortality rate increases when there is a growth in the proportion of black males aged between 15 and 49 years. Geometrically weighted regression (GWR) showed a very small variation of the local coefficients for all predictors. Conclusion: We demonstrated that the interrelation between race, violence and space is a phenomenon which results from a long process of social inequality. Understanding these interactions requires interdisciplinary efforts that contribute to advancement of knowledge that leads to more specific Public Health interventions.
Introduction
Deaths by external causes or violent deaths have been ranked first in the mortality statistics since the end of the 1980s, especially in large urban areas. The magnitude, frequency and the importance of this group of causes, which is comprised of homicides, accidents, suicides and other unnatural causes, have transformed it into one of the most serious public health problems in the majority of the world's countries. These deaths predominantly affect black males between the ages of 15 and 49 years, representing the stage of reproductive life and of higher economic production 1 . The occurrence of these deaths is correlated with social and economic disparities among regions, countries and populations, between rich and poor individuals and also among racial/ethnic groups. Evidence of racial/ethnic inequalities in this type of mortality have been shown by some authors, particularly in the United States. For example, the homicide rate among African-Americans in the year 2000 was 38.6 per 100 thousand; more than twice the rate for Hispanics (17.3 per 100 thousand) and approximately 12 times higher than the rate among non-Hispanic Caucasians in the same year 1 . In Brazil, between 1980 and 2000, the external causes were responsible for 2 million deaths. Of this total, 1.7 million occurred among males making this the second leading cause of death in the country. It is important to mention here that, from 1991 to 2000, while deaths caused by transport accidents declined by 10.4%, homicides increased by 27.2%, representing 38.3% of total deaths 2 . Concerning the racial aspect, "being black, young and male means being the preferred target of lethal violence in Brazil". This is mentioned by the Human Development Report Brazil 2005 -"Racism, poverty and violence", authored by the United Nations Development Program 3 . Although Brazil has the largest concentration of black population outside of Africa this social group is disproportionately unrepresented in positions of power and, from the economic and social point of view, has lower income and education than the rest of the Brazilian population 4 . Furthermore, Blacks live in areas which are less equipped with basic infrastructure services, and have more restricted access to health services, or these services have worse quality and are less efficient [5] [6] [7] . In 2002, the mortality rate due to homicide in Brazil, among the population aged between 15 and 24 years, was 74% higher among Black individuals 8 . A survey conducted in 20 states by UNDP and published in 2005, revealed that Blacks risk of dying due to a homicide is twice as high as for Whites. Mortality due to this cause among Brazilian Blacks surpasses the figures registered by Colombia, a country that is recognized as one of the most violent in the world because of the civil war and narcotics traffic 3 . The perception that the higher frequency of violent deaths among Blacks is related to socio-environmental and economic factors resulting from the position occupied by this population in the social space is shared by some national and international authors [9] [10] [11] [12] [13] [14] [15] [16] . On the other hand, geographical space has been understood as an inseparable set of systems of objects and actions which, when employed as a unit of analysis, reveals the historical production of reality 17 . Because this concept transcends its physical or natural condition and recovers its sense of historical and social character, it tends to be a theoretical/methodological alternative for guiding the analysis of social inequalities in health 18, 19 . We apply this method to the study of mortality by homicides according to race/skin color.
In view of the paucity of Brazilian studies that investigate the relationship between violent deaths and race/skin color, and because Salvador (State of Bahia) is a capital that has a majority of its population of black race/skin color, that exhibits excess mortality by violent deaths 20 , this study aims to evaluate the relative contribution of race/skin color to the determination of the spatial distribution of mortality by homicide in this capital, in the period 1998-2003. To achieve this, the working hypothesis is that areas inhabited by a greater proportion of black male population present higher risks of death due to homicide.
Material and methods
This is a spatial aggregate study whose unit of analysis is the "weighting area" (WA Annual average mortality by homicide rates (X85-Y09) in the period from 1998 to 2003 (Chapter XX of ICD 10) were used as the dependent variable. The decision to investigate mortality by homicide was made because homicide involves "intentionality" and because it is the most frequent type among the external causes. The use of the annual average rate for the period of six years aimed to minimize the effect of areas with small populations and to give more stability to the mortality indicators, as the annual number of deaths due to homicide in some weighting areas contained extremely small or empty cells.
The proportion of black male population aged 15-49 years was the main independent variable. The co-variables were: indicators of income (proportion of male breadwinners, female breadwinners and total with income up to 1 minimum salary and up to 2 minimum salaries), education (illiteracy and elementary school), sanitation (water supply and sewage system), agglomeration (number of people per room and bedroom) and inequality (Gini Index -which evaluated the pattern of average income distribution -breadwinner, aggregate). This index ranges from a minimum value of 0, situation of perfect equality of income distribution in a society, to a maximum value of 1, situation of extreme inequality, in which only one individual or family is the owner of the entire available income 24 . The indicators were selected based on the specific literature [25] [26] [27] , considering the relevance of the publications and also the existence of data specified by race/skin color.
To minimize possible biases caused by problems of self-reported racial classification of skin color and by the small proportion of Black population per weighting area, we decided to analyze, in this study, the Black and mixed population together and we referred to it as Black population.
To smooth the fluctuation of rates associated with small areas, the empirical Bayesian estimation technique was used 28 . However, as no great differences were observed between the values of smooth and gross mortality rates, the latter were employed in the study.
To evaluate the relationship between predictor variables and dependent variable, bivariate and multivariate linear regression models were initially used. In the multivariate regression model, the "backward" method was used and all the predictor variables in which the value of p was ≤ 0.25 in the bivariate tests were included in the model. The criterion for the inclusion of variables in the multivariate model was a p value ≤ 0.20, as well as empirical knowledge of the variable's relevance to the outcome.
From the data spreadsheet containing the dependent variable, neighborhood matrix and geographical coordinates, the analysis of spatial dependence was performed by verifying spatial autocorrelation using the Global and Local Moran Index. The global index of spatial association provides a single value as association measure for the data set, and varies from -1 to 1 29, 30 . The local index estimates how much of the observed value of an attribute in one region is dependent on the values of this same variable concerning first order neighbors, that is, neighbors with common borders 31 . Spatial autocorrelation tests, in this study, were conducted by using the program GE-ODA 0.9.5i (Beta) .
When the presence of autocorrelation was verified the test of Lagrange multipliers was used to indicate the best model to evaluate the spatial effect. The "Conditional Auto Regressive" (CAR) was the indicated model 23 . Generalized Geographically Weighted Regression (GGWR) with overdispersed poisson response was used to describe the variability of the local effect of the predictors across the weighting areas 32 
Results
The annual average gross mortality rate by homicide in Salvador, in the period 1998-2003, was 32.7 per 100,000 inhabitants (median 26.7), and it varied from 0.0 to 105.3 per 100.000 inhabitants across the 88 studied weighting areas (Figure 1) (Figures 2 and 3) .
Among the areas that presented the lowest average death rates Imbuí, Itaigara, Caminho das Árvores and Iguatemi composed the group with death rates from 0.0 to 4.2. In general, these areas presented a lower proportion of black population and better socio-economic indicators. The areas that presented zero rates are places with a very low number of residences.
In the bivariate linear regression, all variables presented a strong, statistically significant association with the response variable analyzed.
The multivariate linear regression presented an adjusted R 2 that explained 21.2% of the variability of the mortality rates by homicide. According to this modeling, the variables that remained in the model were: proportion of black male population aged 15-49 years; illiteracy rate; proportion of households with number of people per bedroom > 3 and Gini Index.
Global and Local Moran's I tests were significant (I = -0.147; p = 0.02 and I = -0.135; p = 0.05, respectively). Figure 4 shows the clustering of the WAs according to the Local Moran´s I. Clusters of high rate areas surrounded by high rate areas, tended to have a larger proportion of black males aged 15-49 years. By contrast, the weighting areas with low rates presented a lower proportion of black population in the same age range.
The CAR regression model showed a statistically significant association between mortality rate by homicide and proportion of black male population aged between 15 
Figura 4 -Índice de Moran local por áreas de ponderação na cidade de Salvador, Bahia, Brazil (1998 -2003) .
and 49 years (p = 0.001) when adjusted for the co-variables. For an 10% increase in the in the proportion of black male population aged between 15 and 49 years there is a corresponding increase in mortality of 22.6/100,000 (Table 1) .
In this model, illiteracy rate and Gini Index presented an inverse relationship to the mortality rates by homicide and were not statistically significant.
The residuals of the CAR model show some asymmetry and some spatial auto- correlation represented by the clustering in Figure 5 . The GGWR analysis showed that the local coefficient variation was very small for the predictors black male population aged between 15 and 49 years (I12), illiteracy rate (I4), proportion of households with number of people per bedroom > 3 (I5), and slightly higher for Gini Index (I10) (Figure 6 ). These small variabilities are shown in figure 6 . For the main predictor I12, the slightly higher coefficients are in areas where the social indicators are worse and the proportion of black males aged between 15 and 49 years, is higher. For the other predictors a similar pattern is observed.
Discussion
The results of the present study showed that during the analyzed period in Salvador, the areas with a higher proportion of black males aged 15 -49 years presented higher risks of death by homicide.
Because in areas where the population is primarily constituted by blacks, the socioeconomic indicators are unfavorable, it is possible to infer that these two conditions together play a role in explaining a large part of the social inequalities. However, it is necessary to understand how being black and poor has been perpetuated across generations, producing these inequalities. In the United States, the literature 37 mentions that segregation, most adversely affecting of Blacks leads to the formation of ghettoes with high poverty rates, and this contributes enormously to the racial differences between groups regarding education, employment, income, health, opportunities for social rise, as well as victimization due to crimes, mainly homicide and drug use.
One of the explanations for this theory is that the community's resources determine the quality of life of its dwellers. Therefore, the social context of the place of residence would have a great influence on the determination of the life and health conditions. Scarcity of resources, and minimal to no intervention by the government, would fuel the intergenerational perpetuation of social inequalities. In Brazil, the exclusion process is so extreme that the slums, which almost always include a large concentration of Whites with a better socio-economic condition, do not benefit from these resources, exemplifying the socio-spatial segregation referenced by Silva and Silva 38 . According to these authors, the infrastructure including essential public services provided with governmental support varies according to the constituent population segments and is basically located in those spaces where the land is occupied by a wealthy class. In this way, we have a veiled segregation that is passed from generation to generation and which is responsible for the worse social condition of the black and poor population. Consequently, it determines early mortality, including deaths due to avoidable causes like violence. Therefore, the wave of violence that has been affecting the middle and upper classes residing in slums may be one of the consequences of this socio-spatial segregation.
The deaths due to homicide in Salvador reflect this reality, as this study revealed that high death rates due to these causes were predominantly concentrated on the region of the "core" of the city toward the West (Baía de Todos os Santos) heading up North (Subúrbio Ferroviário). This is where a large part of the black and poor population lives. This distribution pattern of violent mortality in Salvador had already been shown by Macedo et al. 39 , when they analyzed the deaths occurring in the year 1994.
Among the areas with the highest rates of deaths caused by homicide, Itapuã/Nova Conquista attracts attention because it is a traditional neighborhood, a famous tourist point, with better socio-economic condition and a proportion of black population that is lower than in the other WAs where the mortality rate was also high. However, it has, in its surroundings, many areas that can be characterized as "slums". This finding may reflect the problem of assuming homogeneity within geographical areas, which consequently masks the true heterogeneity contained therein. Nevertheless, other explanations can be raised: for example; this WA may have a better crime record because it is a tourist area; another possibility is that, as it is a tourist area, it may be attracting a greater action of the drug traffic; consequently, it has a higher number of deaths due to homicide.
The weighting areas Nordeste de Amaralina and Chapada do Rio Vermelho are located near the seafront, where the population's socio-economic characterization varies from middle to upper class and the proportion of blacks is small. However, they were also characterized as areas of high rates of deaths caused by violence. These two areas are typical examples of exclusion, because they are marked by the process of subnormal agglomeration/slum* and, possibly, the resources of the neighboring communities are not available to them. Coincidently, Nordeste de Amaralina corresponds to the weighting area that has the highest proportion of black and poor population of Salvador.
By contrast, the areas with predominance of low violence rates are located in the part of the seafront that is turned toward Baía de Todos os Santos, extending along the seafront turned toward the Atlantic Ocean, that is, these areas begin in the Southwest region of the city (Vitória, Porto da Barra) and head East until Itapuã. This part of the seafront presents a low proportion of black population and its inhabitants have a high economic condition. In fact, one of these areas corresponds to "Graça", a neighborhood where there is the lowest proportion of black dwellers of Salvador.
Some areas with low mortality rates by external causes (Curuzu, Alagados and Fazenda Grande I, II, III e V) that have great concentration of black population and poverty were also surrounded by areas with high death rates due to homicide. Curuzu seems to have some social cohesion among its dwellers because it is not an area that originated from a subnormal agglomeration (slum), where the formation process is disorganized and its inhabitants generally come from distinct places. Besides, this area has a cultural association connected with the Carnival (Ilê Ayê) that is internationally known due to its projects, which show the importance of the black culture and identity. The possible existence of social cohesion and the presence of the organization mentioned above might explain the low mortality rates due to homicide of Curuzu, a community whose population is majority Black and poor.
According to Williams & Collins 30 , social cohesion is a factor of protection against violence. The argument is that areas, whose inhabitants are socially and culturally close to each other, and where this closeness lasts throughout their lives, tend to form a protective network against drug traffic and homicide.
The lack of linearity between socioeconomic indicators and violence, the strong interrelation between race/skin color and socio-economic condition, as well as the inverse relationship between illiteracy, Gini Index and death due to homicide observed in the present study were also mentioned by Lima et al. 40 . These authors argue that these elements corroborate the already reported complexity involved in violence. But, above all, these findings show the importance of investigating other factors already described in the literature as possible risk predictors for violence, such as: factors related to racism and discrimination among groups, loss of neighborhood bonds, competition among individuals and social groups, drug traffic, lack of trust in the institutions, the creation of extermination groups for "the maintenance of law and order" and police violence, predomination of nuclear families where only one adult is responsible for family support, among others [41] [42] [43] . Therefore, it is necessary to conduct research that aims to understand what other factors contribute to form this scenario: areas with a larger proportion of black population have higher risks of occurrence of deaths due to homicide. "Subnormal agglomeration" is an expression used by FIBGE to refer to one of the types of households, which is the house or apartment located in slum areas.
Despite the important findings revealed by this investigation, it is important to mention some of its limitations. The first one concerns the quality of the data, as it is an ecological study conducted with secondary data deriving from different sources, which can lead to biases. The case of the variable "race/skin color" should be emphasized. The mortality data referred to classifications made by third parties (coroners, other employees of the Forensic Medicine Institutions or the victims' relatives), while the population data that were used to calculate the rates came from IBGE, which employs the criterion of race/skin color selfclassification. This implies that there may be divergences between them. In addition, there are the possible biases deriving from the value judgment adopted by third parties in the race/skin color classification.
It should also be mentioned that the spatial analysis in this study used as reference only the victims' place of residence. Therefore, the information surveyed here is not related to the areas that present higher risks of occurrence of death due to homicide.
Also, the fact that the indicators used here reflected a level of average exposure that predicts a degree of homogeneity in the risk distribution constitutes another limitation of the study because it masks, in part, the specificities that should be taken into account in a study on inequality 44 . Moreover, we worked only with secondary data deriving from the Census. It is known that, in Salvador, there are many institutions that have social data available and joint efforts to search for these data may provide better quality and understanding of the real situation of inequality in this city.
Final remarks
Although our hypothesis was confirmed through these analyses the use of spatial regression models that are able to analyze non-normal data present challenges that must be overcome in future investigations. In addition, multilevel research should be conducted, taking into account not only issues related to the context of population groups, but also those inherent in individuals, in order to produce more nuanced knowledge about health inequalities.
